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Q A Study of Fluid Dynamics of Gaseous Nuclear Rockets
) -~
Si. \, A comprehensive review of the state of knowledge of vortex flows
{ and how such flows may or may not be used for fluid dynamic contaimment

of a gaseous nuclear fuel has been continued. Work this past quarter

has concentrated on empirical correlations of experimental data available

Q&g in the literature. This work has been reported in Ref. (1) and only the
2 B Ay
é\%g A\, principal results obtained in it will be summarized herein.
S pd
<H Vortex experiments run at high Reynolds numbers typically have sonme

@jturbulence associated with them. This introduces an uncertainty into
|

Z ithe flow that cannot be removed by completely theoretical means without
g Q% Q0 some advances in the present knowledge of the basic phenomena of turbulence.
g kg &g ; %It is therefore currently necessary to rely on some empirical information

* |
é \g Q'\g in any attempt to predict vortex flow patterns with high Reynolds numbers.
= %hg One method of approach is to compare a laminar flow theory which

209 WHo4 ALNISYS includes as many important features of the flow as possible with experi-
mentally obtained velocity profiles. The differences between theory and
experiment are then used to infer a difference between the effective
turbulent eddy viscosity and the laminar viscosity. The laminar flow
theory chosen in Ref. (1) for use in this comparison is that by
Rosenzweig, Lewellen and Ross(z). Figure (1) shows a comparison of the
results of this theory with an experimental velocity profile obtained by
Ttavers(3) under what he believed to be lavinar flow conditioms. The

agreement, although not perfeci, apppars to be quite satisfactory. It

is concluded that the theory is adequate to predict a completely laminar



) N N .

flow and thus it is reasonable to attribute differences between theory
and experiment to turbulence in the case of high Reynolds number experi-
nents.

The ratio of effective eddy viscosity u* to actual laminar viscosity yu,
which was deduced in the manner described in the preceding paragraph is
plotted in Fig. (2) for data available in the bibliography given in Ref.
(4). The data appear to correlate reasonably well when plotted against

} 1/2 (D/I..)O'28 vhere Re  is the Reynolds number based

the parameter Ret(%

on tangential velocity and the radius at the outside of the vortex; u/v

is the ratio of radial to tangential velocity at the outer radius of the

vortex; and D/L is the diameter-to-length ratio of the vortex chamber.

The exponents in this parameter were chosen to obtain the best possible

least squares fit to all the data. The key to the data points is given

in the Table in Appendix A. This table also includes information on other

experiments not included on Fig. (2) due to a lack of sufficient information.
Figure (2), perhaps, over-emphasizes the role of turbulence in deter-

mining the velocity distribution in a vortex. In some cases large values

of u*/u result from rather small differences between laminar theory and

experiment. Figure (3) shows a plot of the circulation at the edge of the

exhaust radius as a function of a boundary~layer interaction parameter.

The solid line is the theoretical curve obtained as the radial Reynolds

number based on radial mass flow becomes very large. The dashed line is

fared in to fit the data. The difference between the two lines is

assumed to be cavsed by turbulence, although part of this difference

could actually be caused by approximations used in the boundary-layer

theory used to generate the solid line. The direct use of Fig. (3)

probably provides as good an estimate of I‘e/p for any experiment as
o



does the more elaborate procedure of estimating u* from Fig. (2) and
using this in the laminar theory of Ref. (2).

The empirical correlations of the past quarter have been aimed at
providing the information required to predict the flow pattern in any
given vortex tube. This effort will be continued, since the degree to
which one can do this forms an essential part of a comprehensive review

of the state of knowledge of vortex flows.

W. S. Lewellen

Project Supervisor

September 30, 1968
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Figure 1. Tangential Velocity Profile Showing Experimental Curve and

Theoretical Curve Based on Boundary-Layer Interaction Theory.
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APPENDIX A

DATA TABULATION

Data used in this analysis were obtained through a literature
search frém twventy~four technical reports. These results are tabulated
in tﬁe form of nondimensional para&éters obtainedvthrough the use of the
déta reduction proceduré described in Appendix A,

A few comments.regagding tﬁe explanation of this.gable are in
order.

- The rgference from which the Aata~were qbtained, the symbol re-
presenting the data on the figures; dimensio&less parameters, are
Alisted reading from left to riéht. ’ ] 7 .

Some of the parameters from various references could not be
détermined dué to lack of sufficient information, for example the area
ratio from Reference 12, This is indicated on tﬁe chaft by the letters

"NA" meaning not available.
' r

L
. fo '
correction (see Appendix A) was made.

The circulation ratio, . determined before the radius

All reports except where.éthcrwise noted had a specific heat ratio

of 1.4, : o : ’ '

10,
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18.

The ratio of specific heats, y, for the first 3 points from Ref. 2
is 1.67 (helium) and for the last 3 points l.4 (nitrogen). The
ratio of specific heats for Ref. 39 is 1.67 (helium). The other
reports (i.e. Refs. 15, 16, 20) used water as the working fluid
for which the ratio of specific heats is defined as one.

In these reports a peripheral bypass was employed which removed
part of the flow from the vortex chamber during the experiments.
The value of Arl
re

is, therefore, in question.

The vortex chamber geometry used in this report was unusual in that
it had a maximum radius of r:= 1,875 inches (used here as ro) at
its center and then tapered slightly toward both ends.

Evea though there were insufficient data in these reports to apply
the theory of Ref. 2 (i.e. except for the first entry under Ref.
24) these points are included because the boundary layer correction
factor is of an order of magnitude small enough such that results
obtained here will not be affected.



